Background: Competency in surgical training is a topic of much recent discussion, with concern regarding the adequacy of current training schemes to achieve competency. Most programmes use caseload and primary operator rates to assess trainee progression. Some trainees still lack technical competence even when recommended procedural numbers are met. It is possible that current measures of individual's capabilities used in surgical education are outdated. Methods: Logbook data of New South Wales general surgical trainees between 2010 and 2012 was obtained through General Surgeons Australia. The top 10 most common operations recorded in trainee logbooks were identified. Individual trainee data were grouped by the surgical education and training year and primary operator versus assistant experience. The data were analysed focusing on the primary operator rate, comparing between trainee levels to identify progression. Results: A total of 183 319 operations were recorded in New South Wales general surgery trainee logbooks. A positive association was demonstrated between trainee seniority and primary operator rates for the most common procedures, indicating trainee's continual progression in experience as they advance. However, laparoscopic inguinal hernia repair, oversew of gastroduodenal ulcer, open cholecystectomy and right hemicolectomy showed poor primary operator rates among trainees regardless of trainee year, despite these operations being among the 10 most common. Conclusion: General surgical trainees accumulate operative experience with progression through the surgical education and training programme, highlighting expected technical progression and competency of trainees for common procedures. For less common or more complicated procedures, the use of entrustable professional activities and accompanying simulation training could be used to achieve the necessary technical expertise.
Introduction
Competency at the completion of surgical training is a topic of much discussion in recent times, with debate regarding the adequacy of current training schemes to achieve competent surgeons. 1, 2 An emphasis has always been placed upon caseload and experience gained by the individual during their training, with a consensus that the greater the caseload, the more competent the trainee. Most training programmes use total caseload to assess technical expertise. The surgical education and training (SET) programme for general surgery trainees in Australia, a programme that comprises 4-5 years of specialty education, emphasizes primary operator rates as a major tool to determine an individual's progression through training. 3 The development of psychomotor skills during surgical training was thought to be developed through reactive learning but is now strongly felt to be driven by proactive mentoring. 4 It is perhaps this shift in educational beliefs that has led people away from the model of caseload and operative experience alone being adequate enough to progress trainees towards competency. The objective of this study was to identify trends between trainees' primary operator experience and training level, with the aim to determine whether achieving a specified number of procedures correlated with competency and progression through training. We hoped to assess the current state of surgical training and be able to identify gaps in education that need addressing.
Methods
The General Surgery SET programme comprised 5 years of training at the time of the study, from SET 1 year to SET 5 year, and specifically, requires comprehensive operative data to be collated into a trainee specific logbook. This forms one method to monitor the trainee's progression through the duration of their training. It is a requirement from the Board in General Surgery (BIGS) that trainees achieve a threshold number of operations by the end of their training, specifically 800 major cases. 3 Each year of training has an expected minimum primary operator experience that must be met, with SET 2 trainees required to achieve 25%, SET 3 trainees 40%, SET 4 trainees 50% and the final year trainees needing to achieve 60% of all cases. General Surgeons Australia (GSA) was contacted and approved access to the data of all New South Wales SET trainee logbooks between the years 2010 and 2012. There was data from a total of 902 trainees across six 6-month terms. All recorded operative data were compiled and then de-identified between individuals and institutions of work. The top 10 most common operations were identified from this data according to the caseload recorded in the trainee logbooks.
The individual trainee numerical data were grouped by SET year and then arranged into operator experience (primary operator versus assistant) for all cases performed between 2010 and 2012. The percentage of cases performed as a primary operator for the top 10 operations was then calculated and this number compared between SET years for each specific operation, such as a small bowel resection or mastectomy, to identify progression.
This count data was then analysed to display the progression of trainees as they advanced through the SET programme. Trends of the primary operator rates for specific operations between SET years were displayed.
This study protocol was reviewed and ethical approval obtained by the GSA Research and Scholarships Subcommittee.
Results
A total of 183 319 operations were recorded in New South Wales general surgery trainee logbooks (Table 1) . SET 1 level trainees achieved a mean 50% primary operator rate for all cases, compared with SET 5 level trainees who achieved a mean primary operator rate of 76% for all cases. There is a clear progression shown between trainees when comparing primary operator rates, with the more senior trainees achieving higher primary operator percentages for all cases. Table 2 shows the primary operator rates by SET level relevant to the 10 most commonly performed operations. Laparoscopic appendicectomies showed the highest primary operator rates across all trainee years. For this procedure, there is a gradual progression with increasing primary operator rates directly related to the increasing trainee level. Among all trainees, the expected primary operator rate for laparoscopic inguinal hernia repairs failed to meet the expected rate set by the BIGS, irrelevant of the SET year. Oversew of gastroduodenal ulcer, open cholecystectomy and right hemicolectomy also showed poor primary operator rates among trainees regardless of trainee year, despite the fact that these operations were among the most frequently recorded in logbooks.
There appears to be a direct relationship between primary operator rates for laparoscopic appendicectomies and increasing trainee seniority. There is also an expected general decline in assistant rates for this procedure as the trainee progresses through their training, and is more commonly the primary operator (Fig. 1) . Although a similar trend can be seen for laparoscopic inguinal hernia repairs, satisfactory progression is not demonstrated as trainees do not show an adequate increase in their primary operator experience, with the majority of these cases still being recorded as an assistant towards the completion of training (Fig. 1) .
This association between seniority and primary operator rates is evident for the most common procedures, indicating that trainees continue to progress their operative experience as they advance through their training. The data show a linear progression from SET 1 to SET 5 trainees in regards to the percentage of primary operating for most (except open cholecystectomy) of the top 10 most commonly performed procedures (Fig. 2) . 
SET, surgical education and training. 
Discussion
In this study, there is a clear link between the percentage of primary operating for all cases and trainee seniority. For junior trainees, the primary operator rates are initially low for all cases. However, there is a linear increase during the progression of their training. This suggests that trainees do achieve a degree of competence through increasing caseloads during their training programmes. However, this trend does not necessarily hold true for certain operations, and rather surprisingly even though a laparoscopic inguinal hernia repair was one of the most common procedures recorded in trainee logbooks, the primary operator rates were low for all trainees irrespective of their seniority.
Complications during a laparoscopic inguinal hernia repair can easily be encountered with poor operator technique and perceptual errors. This procedure also has different approaches that can be adopted for a successful repair, including pre-peritoneal or transperitoneal techniques, so requiring greater technical capabilities from the trainee. Furthermore, laparoscopic repairs may be associated with higher recurrence rates compared with open procedures. 5 These factors could account for the low operator rates found among SET trainees. One possible solution to improve primary operator rates is simulation, which permits practice until a satisfactory level of skill is achieved in a safe environment. 6, 7 However, the availability of appropriate simulation models and avenues for feedback are challenges that need to be addressed, as well as deliberation over the financial impact and investigation into cost-effectiveness. 8 Alongside laparoscopic inguinal hernia repairs, open cholecystectomies, right hemicolectomies and oversew of gastroduodenal ulcers also showed low primary operator rates despite these procedures ranking in the top 10 most frequently performed. The variations in operative rates for specific procedures will undoubtedly be multifactorial. In part, this is a reflection of their complexity as in the case of open cholecystectomies which are often performed due to technical difficulties more so than electively, or their emergent nature, like that of a gastric ulcer, often necessitating out of hours operating. Also of consideration is the increasing presence of surgical fellows in specialty-specific programmes. 9 With fellows seeking greater experience during their training, these low operator rates could also be explained by a lack of trainee exposure as opposed to trainee's general operative competence. The presence of fellows should not detract from a registrar's training, but instead should be used as additional mentors, and with close supervision to ensure mutually beneficial training to both individuals there should be no adverse effects on training. 10 In hospitals with adequate case volume, consideration of fellow supervised, registrar dedicated operating lists could be a solution. The careful balance between the training and educational needs of both general surgery and fellowship surgical trainees, and the service delivery requirements of institutions, warrants the attention it is now getting, as more and more general surgery trainees appear to pursue a fellowship after their general surgical training. 10 The retrospective nature of this study meant that the data we collected were limited by information the trainees had recorded at the Fig. 1 . Double bar chart demonstrating primary operator and assistant rates for laparoscopic appendicectomies (left) and laparoscopic inguinal hernia repairs (right) ( , % primary operator; , % assistant). time. However, due to the standardized logbook requirements from the Royal Australasian College of Surgeons (RACS), the data we obtained were distinct and comparable for all trainees. The data included a mixture of public and private patients, and as such this may have influenced the proportion in which the trainee was the primary operator. Another shortcoming of this data relates to the use of logbooks to infer trainee competence. The total number of cases cannot truly reflect the technical and professional ability of the trainee, only that the trainee performed the procedure. We have inferred competence from the fact that the trainee was entrusted by the supervising surgeon to be the primary operator. For training purposes, however, a more rigorous assessment of competency is required, and is a topic of much debate. Various techniques such as OSATS (objective structures assessment of technical skills) implemented in Toronto or clearly defined surgical curriculums used in the UK and Australia no doubt have a place in training. 11 Entrustable professional activities (EPAs) are fixed units of clinical practice that are linked to specific competencies, 12 and this may provide a more explicit framework to allow observation and assessment of trainee competence. 13 Part of the appeal of EPAs is that they can be used to map the competencies required in surgical practice directly onto clinical tasks. 14 The RACS has recently adapted the EPA framework to develop a range of 'key clinical tasks' for JDocs, a guide for junior doctors career development, before the commencement of SET training. 15 This can be adapted to SET training and with a workplace educational framework in place supervisors could observe competence as opposed to assuming it. 14, 15 In general, these data are reassuring that the SET programme for general surgical trainees appears to advance individuals to the point of surgical competence, inferred or otherwise, through adequate operative experience despite the concerns in recent years over graduating trainees' abilities. 16 There is clearly a role in using primary operator rates to review a trainee's technical competence; however, this is likely best implemented in conjunction with other assessment tools. It should also be noted that competence does not necessarily confer confidence among all individuals. 17, 18 It is therefore vital to explore alternative education and assessment modalities to employ alongside the monitoring of caseload per trainee.
Conclusion
As individual trainees progress through the general surgery training programme they accumulate greater operative experience, demonstrating an increase in their primary operator rates, and hence achieving surgical competence in common general surgical procedures. However, competence should be observed and not assumed, with consideration therefore given to new assessment frameworks, such as EPAs, to guide the development of trainees' technical abilities. For less common and more complicated procedures where trainee progression is limited, other educational tools, such as simulation, could be utilized rather than solely relying upon caseload to achieve the necessary technical expertise.
